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 The Sustainability of Cotton Production in China and in Australia: 
Comparative Economic and Environmental Issues 
 
ABSTRACT 
After providing some background about the importance of cotton as a fibre, this 
article provides information about the global relevance of China’s and Australia’s 
cotton industries and compares the structure and other significant features of their 
cotton industries. Attention is given to trends in overall cotton yields and the volume 
of production of cotton globally, in Australia, and in China as indicators of the 
sustainability of cotton supplies. Some simple economic theory is applied to indicate 
the relationship between market conditions and the sustainability of global cotton 
supplies. Then the environmental and economic factors that challenge the 
sustainability of Australian cotton production are outlined and analysed and this is 
done subsequently for China’s cotton production. Geographical and regional features 
that affect the sustainability of cotton supplies in Australia and China are given 
particular attention. Some new economic theory is proposed to model hysteresis in 
Australia’s supplies of cotton. Ways of coping with the sustainability difficulties that 
are being encountered by both these nations are compared. Many of the sustainability 
challenges facing these two countries are found to differ but some of their 
environmental obstacles to sustainable cotton production are similar. 
 
Keywords: Australia; China; cotton production; fibre markets; hysteresis of supplies; 
sustainable agriculture; water resources. 
JEL Codes: Q01, Q11, Q15, Q24, Q50. 
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1. Introduction 
Despite its reduced share of the textile fibre market, cotton still remains the major 
natural fibre used in textiles. The prime reason for cotton’s reduced share of the textile 
fibre market has been increased competition from man-made fibres (Tisdell and 
McDonald, 1979, Ch.1). In 2007, cotton accounted for 38% of the global market by 
weight based on the data available from the Japan Chemical Fiber Association (2008) 
whereas in 1960-61 it accounted for 68% of world fibre production (Tisdell and 
McDonald, 1979, p.23). Nevertheless, the global volume of cotton production has 
continued to show a strong upward trend. Whereas just over 10 million tonnes of 
cotton were produced globally in 1960-61, by 2007, this had risen to 25.7 million 
tonnes, that is to about 2.5 times its volume in 1960-61. This can be attributed in part 
to technical progress in the production of cotton and improvements in the 
management of cotton cultivation as well as valuable attributes of cotton which 
sustain demand for its use in blends with chemical fibres. Whether or not growth in 
the global supply of cotton will continue to be maintained is not clear. Changing 
economic and environmental factors will constrain future changes in cotton global 
supply. 
Other writers have also emphasised the importance of cotton for the textile industry. It 
represents over 90 percent of the global consumption of natural fibres by weight 
(Oerlikon, 2008). Plastina (2008) mentions that: over the last 5 decades, although the 
market share of cotton decreased from an average of 62.4% in the 1960s to 39.8% in 
the 2000s, cotton consumption increased one-and-a-half times during that period to 
reach 26.4 million tons in 2007. World textile fiber consumption more than tripled 
over the last 5 decades. Other fibers (wool, chemical and non-chemical synthetic 
fibers) increased eight times to reach 45.7 million tons in 2007. In addition to its use 
in the textile industry, cotton is used in many other fields. For example, the cottonseed 
which remains after the cotton is ginned is used to produce cottonseed oil, which after 
refining can be consumed by humans like any other vegetable oil. The cottonseed 
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 meal that is left is generally fed to livestock. Nevertheless, the most valuable use of 
cotton is in the cotton textile industry. 
Cotton has also served as an engine of economic growth and provides income to 
millions of farmers in both industrial and developing countries worldwide (Wang and 
Chidmi, 2009). In Australia, in a non-drought year, the cotton industry generates in 
excess of $1 billion per year in export revenue, is one of Australia’s largest rural 
export earners and helps underpin the viability of many rural communities (Cotton 
Australia, 2008a). It employs 10,000 Australians and directly supports 4,000 
businesses that are reliant on cotton (Cotton Australia, 2008b). In China, the value of 
its output accounts for 7% – 8% of the value of gross agricultural output. In 2002, 
China’s export of cotton and cotton textile garments was $26 billion, and accounted 
for 35% of its total textile and garment exports by value (Mao, 2006). According to 
Wang and Chidmi (2009): “Cotton also does play an important part in US, the United 
States has produced about 20 percent of the world's cotton supply and consumed 10 
percent of world cotton. It provides about 0.1 percent of U.S. Gross Domestic Product”. 
The purpose of this article is to focus on the sustainability of the supply of cotton by 
China and Australia and examine the constraints they have experienced in recent 
years in producing cotton, how they have fared in this regard, and the challenges they 
face for maintaining or increasing the level of cotton production. These two countries 
are of interest as cases because of differences in the socioeconomic conditions 
influencing their cotton industries as well as contrasts in their approaches to 
cultivating cotton. China is the world’s major producer of cotton (ahead of the USA 
and India) and Australia is one of the main cotton exporting nations (noted for its 
export of fine cotton) and is the nation with the highest yields of cotton per ha (Zhao 
and Tisdell, 2009). Australia has only become a significant global producer of cotton 
in recent decades whereas China has been a major producer for several centuries. 
China regards cotton as a strategic material and this gives it particular (but not 
overriding) importance in relation to its agricultural policy.  
By way of background, some general information is provided about the global 
relevance of China’s and Australia’s cotton industries and then sustainability issues 
are addressed. At a general level, the sustainability of global cotton production 
depends on possible shifts in the market demand and supply curves for cotton. This is 
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 discussed briefly. The features of the geographical locations of Australia’s and 
China’s production of cotton are outlined and discussed. These locations have 
important implications for the sustainability of cotton production in both these 
countries. Cotton production in Australia occurs in a different type of economic 
environment to that in China and there are also differences in their farming systems 
and size of farms, all of which have consequences for maintaining cotton production. 
After discussing this, the experiences of Australia and China in sustaining cotton 
production are outlined and their economic and environmental challenges for future 
sustainability of cotton production are discussed. 
2. The Global Relevance of China’s and Australia’s Cotton 
Industries. 
The cotton industry is a significant contributor to China’s and Australia’s agricultural 
sector. Australia is the major cotton-producing country in the Southern Hemisphere, 
and has been an important cotton exporter. Table 1 provides information on the level 
of Australian production and export of cotton in the period 1980-2007. These levels 
peaked in 2000 and have declined since then due to water shortages as a result of 
prolonged drought, possibly a consequence of climate change. However, some 
rebound is expected for 2009 due to the drought easing. At its peak in 2000, 
Australian cotton production amounted to 819 kilotonnes (hereinafter referred to as 
KT), and made up 4.16% of the world total production; Australia exported 850 KT, of 
cotton which accounted to 14.90% of the world’s cotton export trade (see Table 1). 
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 Table 1:  The volume of Australia’s cotton output and exports (1980-2007) in 
‘000 tonnes and the global share of these          
Production Export 
 
Year 
World Australia % World Australia % 
1980 13799 99 0.73 5719 53 0.93 
1985 17450 259 1.49 6114 248 4.06 
1990 18975 434 2.29 6437 299 4.65 
1995 20439 429 2.10 5958 319 5.36 
2000 19400 819 4.16 5705 850 14.90 
2001 21491 728 3.39 6347 682 10.75 
2002 19809 366 1.85 6632 579 8.74 
2003 21067 371 1.77 7229 470 6.51 
2004 26441 654 2.48 7624 436 5.72 
2005 25383 610 2.41 9708 628 6.47 
2006 26561 294 1.11 8077 464 5.75 
2007 26245 133 0.52 8370 266 3.18 
Sources:  (1) United States Department of Agriculture(USDA), Foreign Agricultural Service(FAS), 2009;  
(2) Australian Bureau of Agricultural and Resource Economics (ABARE) ，2009. 
Notes:  year: Aug. 1 - July 31. 
 
China is not only the major global producer of cotton, it is its major consumer as well. 
In the five years from 2003 to 2007, the average output of Chinese cotton was 6,750 
KT per year, which was 27% of the world total, on average. On average, China also 
imported annually 2,466 KT of cotton and this accounted for 30% of the world’s 
exports of cotton. In the corresponding period, China’s textile industry consumed 
9,499 KT of cotton annually, accounting for 38% of the total quantity of cotton 
consumed in the world. Table 2 provides data on China’s cotton production and its 
imports of cotton for the period 1980-2007.  
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 Table 2: The volume of China’s cotton production and imports (1980-2007) in 
‘000 tonnes and the global share of these              
Production Import 
Year 
World China % World China % 
1980 13799 2700 19.57 5934 773 13.03 
1985 17450 4137 23.71 6310 1 0.02 
1990 18975 4507 23.76 6658 481 7.23 
1995 20439 4769 23.34 5879 634 10.79 
2000 19400 4420 22.79 5711 51 0.9 
2001 21491 5313 24.73 6381 98 1.54 
2002 19809 5487 27.7 6573 681 10.37 
2003 21067 5182 24.6 7406 1923 25.97 
2004 26441 6598 24.96 7283 1391 19.1 
2005 25383 6184 24.37 9686 4199 43.36 
2006 26561 7730 29.11 8150 2306 28.3 
2007 26245 8056 30.7 8283 2511 30.32 
Sources:  (1) United States Department of Agriculture, Foreign Agricultural Service, 2009;  
 (2) The National Cotton Council, 2009. 
Notes:  year: Aug. 1 - July 31. 
Australia and China are among the 10 major cotton-producing countries in the world, 
Table 3 shows the basic situation of the 10 major cotton-producing countries in the 
world in terms of their level of production, area planted, and yield for a .recent 5 year 
period (2002/03-2006/07). 
Table3: Ranking of the 10 major cotton producing countries in terms of their 
level of cotton production, area planted and yield. 
Production Area Yield  
 
KT rank 1000 ha rank Kg/ha rank 
China  6235.73 1 5409.98 2 1150.91 5 
USA 4537.15 2 5181.00 3 872.48 7 
India  3677.43 3 8424.27 1 430.98 10 
Pakistan  2047.51 4 3065.28 4 665.50 9 
Brazil  1197.72 5 990.11 6 1206.24 4 
Uzbekistan  1079.93 6 1421.03 5 758.91 8 
Turkey  861.29 7 668.06 7 1288.45 3 
Australia  458.54 8 242.17 9 1893.47 1 
Greece  366.65 9 355.56 8 1029.50 6 
Syria  280.69 10 215.78 10 1298.30 2 
Source： The National Cotton Council of America（NCC）, 2009. 
Note:  quantitative data are on a 5-year average for 2002/03-2006/07. 
From Table 3, we find that China is the major global cotton producer, Australia has 
the highest yield of cotton per ha (hereafter referred to simply as yield) and India has 
the largest planted area of cotton. In this group of the 10 major cotton producers, the 
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 planted area of cotton in China ranks second and its yield ranks fifth. The combined 
effect of these two factors makes the level of gross cotton production of China the 
highest in the world.  
3. Markets and the Sustainability of Cotton Production 
The economic theory of market operations can be used to provide background on the 
forces affecting the sustainability of global cotton production. The theory asserts that 
market demand and supply conditions determine the volume of production of a 
commodity and the direction of change in this. Other things held equal, a rise in the 
demand for a product will normally increase its market supply, as will a fall in the 
cost of its supply. The latter increases the willingness of producers to supply the good 
to the market. In the case of cotton, the global demand for it appears to have increased 
with the passage of time as has the willingness of farmers to supply cotton. At the 
same time, there has been a long-term tendency for the real price obtained by growers 
for cotton (that is its price adjusted for price inflation) to decline. This long-term 
pattern of change can be analysed by means of market demand and supply 
relationships. 
Consider the illustration in Figure 1 which is based on the assumption that the market 
for cotton is a purely competitive one. This implies that neither individual buyers nor 
sellers of cotton have any market power, they are price-takers. In an initial period, it is 
assumed that the market demand for cotton as a function of its price is as shown by 
line D1D1 and that its market supply (also as a function of its prices) is as indicated by 
line S1S1. The result is that market equilibrium is established at point E1 with the 
equilibrium supply of cotton being X1 and its real price being P1. However, with the 
passing of time, the market demand curve for cotton shifts upwards and the supply 
curve moves to the right. In Figure 1, this results in a shift from D1D1 to D2D2 and 
from S1S1 to S2S2 respectively with the equilibrium of the market altering from E1 to 
E2. The volume of cotton production rises but its real price falls. As long as it is 
possible to sustain  shifts in the cotton supply and demand curves in this way, cotton 
production will not only be sustained but will increase in volume. 
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Figure 1 Globally the volume of cotton supply has shown a long-term upward 
trend. This is consistent with the market change illustrated above as is 
discussed in the text. Cotton production has not only been maintained 
but has grown. Whether or not this trend will be sustained is not clear. 
Although chemical fibres are a substitute for cotton, they are not a perfect substitute. 
The qualities of many chemical fibres are improved when they are blended with 
cotton. Rising global population and the presence of more people with higher income 
have helped to raise the demand for textiles, including cotton. Hence, the demand 
curve for cotton has moved upwards but because there is now scope for the 
substitution with chemical fibres, the market demand curve (shown by D2D2 in Figure 
1) has become flatter, that is more price elastic.  
The global supply curve of cotton appears to have moved to the right more quickly 
than the demand curve has shifted upward. This is to a large extent due to lower real 
costs of producing cotton as a result of new techniques and improved management of 
its cultivation. The global yield of cotton per hectare has, for example, shown an 
upward trend since 1980 and the area planted with cotton has also risen (see Zhao and 
Tisdell, 2009). Cotton production has both intensified and become more extensive. 
Improved varieties of cotton and the introduction of genetically modified cotton seem 
to have played a positive role in reducing the per unit costs of producing cotton. 
Whether or not past trends will continue is uncertain. Increased demand for land to 
supply food and for organic material to produce biofuels could, in the long-term, 
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 result in less land being available for growing cotton. Furthermore, reduced 
availability of water for growing cotton may occur due to climate change and 
increased competition for use of water for other crops and purposes. The world’s 
population is expected to increase by 30 per cent in the next two decades and this will 
place increased economic pressure on agriculture (Mann, 2008). In addition, cotton 
production (particularly in higher income countries, and increasingly so in less 
developed countries) depends to a large extent on the availability of non-renewable 
resources such as mineral oil. These resources are predicted to become scarcer in the 
future. 
Another factor that could result in cotton supplies not being sustained is a reduction in 
its ecological fitness. For example, due to natural selection, genetically modified 
cotton may no longer be able to perform the functions for which it was originally 
intended. For instance, some types of caterpillar pests may no long be deterred by Bt 
cotton and new pests may emerge that are not affected by the Bt cotton. So far, 
however, the industry has been successful in staving off challenges to its sustainability 
4. Trends in Overall Cotton Yields and Supplies as Indicators of 
the Sustainability of Cotton Production. 
The yield of cotton per hectare and the area planted with cotton determines its 
aggregate level of production. As pointed out in the previous section, global yields of 
cotton have shown an upward trend in the period 1980-2007 and the total volume of 
cotton production rose. In China’s case, both its yield of cotton and its total land area 
planted with cotton displayed a fairly steady upward trend. In Australia, cotton yields 
have shown a strong tendency to grow, but the volume of Australia’s production of 
cotton has not been sustained. In the period 1980-2007, the volume of Australia’s 
cotton production peaked in 2000 and then declined due to lack of availability of 
water caused by drought. Drought reduced the land area planted with cotton in 
Australia after 2000. Trends and factors influencing levels of China’s and Australia’s 
cotton production are outlined in Zhao and Tisdell (2009). 
Zhao and Tisdell (2009) using linear regression analysis found a close statistical fit 
between cotton yields per ha as a function of time for the world, China, and Australia 
on the basis of data for the period 1980-2007. According to the relevant regression 
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 analysis (Zhao and Tisdell, 2009), world cotton yields per ha tended to increase by 
9.77kg per year, China’s yields rose by 22.27kg per year and Australia’s cotton yields 
increased by 29.93kgs per year. There is no hint from this historical data that yields 
per ha are going to decline nor that their absolute rate of increase is about to decline. 
However, projection of the historical record is risky. It is merely a mechanical 
exercise. 
A more rewarding approach is to analyse the underlying relationships that influence 
yields. Amongst other things, this requires that consideration be given to the 
geographical location of cotton production and any changes in this as well as the 
nature of the farming systems used and their ecological consequences. Globally (and 
within some countries), there have been alterations in the location of cotton 
production as well as in systems for producing cotton, for example, replacement of 
traditional cotton varieties with genetically modified varieties.  
Although globally China has retained its position as the major producer of cotton, 
India has edged out the United States as the second largest producer of cotton, and in 
recent decades Australia progressed from being of negligible importance as a global 
cotton supplier to being a significant supplier. Although the general location of cotton 
production in Australia has not changed much since 1980, the location of China’s 
cotton production has tended to shift towards its west, particularly Xinjiang. This shift 
has had a positive impact on aggregate yields of cotton in China because growing 
conditions for cotton tend to be more favourable there than in eastern China, 
especially compared to areas in the Yellow River region. Improvements in farming 
systems have, of course, also played a role in increasing cotton yields in China and 
elsewhere. In considering the sustainability of cotton yields and production, it is 
important to take into account economic factors, the geographical location of cotton 
growing and the farming systems involved. This will now be done for Australia and 
China in order to better appreciate the challenges faced by both those countries in 
sustaining their cotton supplies. 
5. The Geographical Locations of Cotton Production in Australia 
and China and the Sustainability of Supply 
The cotton production of Australia is located in New South Wales (NSW) and 
Queensland (QLD), in the river valleys along rivers, between 23ºS and 33ºS 
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 (Tennakoon and Milroy, 2003). The major production area in NSW stretches south 
from the Macintyre River on the Queensland-NSW border and covers the Gwydir, 
Namoi and Macquarie valleys. In NSW, cotton is also grown along the Barwon and 
Darling Rivers in the west and the Lachlan and Murrumbidgee rivers in the south. In 
Queensland, cotton is grown mostly in the south in the Darling Downs, St George, 
Dirranbandi and Macintyre Valley regions. The remainder is grown near Emerald, 
Theodore and Biloela in Central Queensland (Figure 2). Except for this cotton (which 
is grown in the Fitzroy River Basin), all Australian cotton is grown in the Murray-
Darling Basin. Whereas the Fitzroy River flows into the Pacific Ocean, the water from 
the Darling and Murray rivers and their tributaries flow through inland Australia to 
reach the Southern Ocean. 
The Murray-Darling River System has been subject to severe drought since 2000 
(Draper, 2009) and this has adversely affected the supply of Australian cotton. It is 
estimated that approximately 20% of water used for irrigation in the Murray-Darling 
system is used to irrigate cotton (Draper, 2009, p.47). Apart from drought conditions, 
state governments have tended to issue rights to use water in the Murray-Darling 
basin in excess of its sustainable capacity to supply water. This over allocation has 
reduced water flows in the Murray River to such an extent that it no longer reaches 
the sea. This is a similar situation to that for the Yellow River in China. 
 
Figure 2  Map showing the general location of cotton production in Australia 
and potential cotton region 
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 Because water shortages in the Murray-Darling Basin are a major constraint on the 
sustainability of Australian cotton supplies, consideration has been given to promoting 
the planting of cotton in new areas in tropical northern Australia (see Figure 2). 
Rainfall in these areas depends on the annual monsoon. At the present time, however, 
Australia’s cotton fields are concentrated in its southwest in inland locations, and 
water availability is the main constraint on Australia’s supply of cotton. 
Approximately two-thirds of Australia’s cotton is grown in NSW with the remainder 
produced in Queensland (Cotton Australia, 2008a). In 2006/07, the planted area in 
NSW and QLD occupied respectively 73% and 27% of the total planted area of cotton 
in Australia and the percentages of their production were respectively 76% and 24% 
(ABARE, 2009). 
The geographical location of cotton growing in China is much more dispersed than in 
Australia. In China, the planting of cotton spreads over 25 provinces and regions. 
Only 6 provinces and regions do not grow cotton (Zhao, 2006). Nevertheless, China’s 
cotton production is comparatively centralized in the three major regions (Figure 3): 
the Northwestern Inland Cotton Region(Xinjiang), Yellow River Watershed Cotton 
Region(Huang-Huai-Hai Plain) and Yangtze River Watershed Cotton Region(Middle 
and Lower Reaches). Significant constraints on the supply of cotton vary according to 
the region considered.  
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Figure 3:  Map showing the general location of cotton production in China by 
province 
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Farming systems for producing cotton also differ between China’s major cotton-
producing regions. Xinjiang is the only cotton region with large-area plantations and 
with a high-level mechanization. In the Yangtze River Watershed and Yellow River 
Watershed, the cotton fields are small and very dispersed with low yield, high 
production costs and low comparative benefits. Furthermore, these two regions are 
China’s main grain-producing areas. There is intense competition in favour of using 
land to grow grain and other food crops and as a result that available for cotton 
fluctuates considerably. (Zhao and Ding, 2008). In 2006, according to NBSC (2007), 
the Yangtze River Watershed, Yellow River Watershed and the Northwest accounted 
respectively for 26.38%, 47.12% and 25% of the area planted with cotton in China. 
Moreover, 24.06%, 39.82% and 34.35% of China’s total production of cotton by 
weight in 2006 was supplied respectively by these regions. Xinjiang (located in the 
Northwest area) alone produces 32.4% of China’s cotton, almost one-third of it. 
12 
 These statistics have some interesting implications. They imply that in 2006, the three 
major cotton-producing regions of China accounted for 98.5% of the area planted with 
cotton in China and 98.23% of its production of cotton by weight. Furthermore, it can 
be deduced that significant difference exist in cotton yields per ha in the various 
regions. Yields are highest in the Northwest region, significantly lower in the Yangtze 
Basin and lowest in the Yellow River Watershed. In 2006, yields of cotton per ha in 
the Northwest were 50% higher than those in the Yangtze River region and 62.26% 
higher than in the Yellow River region. Therefore, as stated in the previous section, 
the geographical movement of China’s production towards it northwest has been a 
major factor in increasing its overall yield of cotton since 1980. 
There are great differences in climate, soil, quality, ecological conditions and the 
incidence of plant diseases and insect pests in the three main cotton-growing regions 
of China. The Yangtze River Watershed cotton region has suitable temperatures and 
soil fertility for growing cotton but experiences frequent summer drought; the Yellow 
River Watershed cotton region has abundant sunshine in the spring and fall but 
drought often occurs in the winter and the spring, its soil is poor and its ecological 
conditions are fragile. The Xinjiang cotton region has abundant sunlight in summer, a 
dry climate and big differences occur between day and night temperatures. These 
environmental conditions are favourable for the growth of cotton. Because this region 
has little rainfall in normal years, its cotton production depends completely on 
irrigation (Zhang, 2001). Due to irrigation works and its utilization of both surface 
water and groundwater, the irrigated area of Xinjiang expanded from 1,450 thousand 
ha in the early 1950s to over 4,000 thousand ha in 2007. About 2,000 thousand ha can 
be irrigated even in drought years. The area planted with cotton in Xinjiang in 2007 
was 1,782.6 thousand ha (Guan, 2008). This means that about half the irrigated area in 
Xinjiang is planted with cotton and probably an even larger proportion of the area for 
which irrigated water supplies are assured. The construction of irrigation works and 
the adoption of water-saving irrigation technology make Xinjiang an important cotton 
producing region. Nevertheless, water availability is a constraint on the expansion of 
cotton production in Xinjiang. 
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 6. The Structure and the Nature of Australia’s and China’s Cotton 
Farming Systems and the Size of Farms – Sustainability Issues 
Australian cotton is produced on farms of very large size (usually 500-2000 ha in 
size) and individual fields of cotton also tend to be very large (see Figure 4). 
Australian methods of cotton production are also very capital-intensive and depend 
heavily on purchased material imports. On the other hand, cotton production on three-
quarters of the land used for cotton in China depends on labour-intensive methods 
with farm sizes being extremely small. Cotton production in Xinjiang is exceptional in 
China because it is much more capital-intensive than cotton production in the rest of 
China. However, even here cotton farms employ temporary migrant labour to pick 
cotton and to weed the cotton crop. The difference in the culture of cotton in Australia 
and China is a consequence of China being a country in which agricultural labour is 
relatively plentiful whereas agricultural labour is relatively scarce in Australia. 
 
Figure 4: Photo of an Australian cotton field with one of the authors in the 
foreground) 
There are about 1,100 farms in Australia producing cotton and most are family 
operated (Cotton Australia, 2008a). Apart from growing cotton, most cotton growers 
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 also produce other broadacre crops such as sorghum, maize and sunflower and some 
graze cattle and sheep (Cotton Australia, 2008a; Morris and Stogdon, 1995). The 
whole process of cotton production in Australia is mechanized. This includes land 
preparation, planting, irrigation, weeding and pest control, cotton defoliation prior to 
harvesting, harvesting (see Figure 5), transport to the cotton gin, (see Figure 6) and 
processing and packaging. 
 
Figure 5: Machinery harvesting cotton on the Darling Downs in Australia 
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Figure 6: Transport of cotton to the gin in Australia is completely mechanized. 
This shows cotton being compacted on a farm for transport to the gin. 
A huge number of families in China produce cotton and each on average cultivates 
only a small amount of land for this purpose. According to Lei (2004), about 45 
million Chinese families are engaged in the planting of cotton with an average area of 
0.13 ha of cotton being planted by each family growing cotton. For most of the 
families who plant cotton, especially the ones in the non-major cotton regions, their 
cotton plots are scattered and are unsuitable for planting food crops. They plant cotton 
just as a supplement to their principal crops (mostly food crops). In these regions, the 
planted varieties and acreage of cotton vary greatly between years (Du, 2005). Most 
cotton is tended and picked by hand because it is impractical to use machines of even 
moderate size on small scattered cotton plots.  
Australian production of cotton involves a high level of yield but also a high level of 
non-labour input per unit of output. In fact, Australian cotton yields per ha exceed that 
of other countries. By contrast most Chinese cotton growers depend much less on 
purchased imports for their production but their cotton yield per ha is lower than in 
Australia. 
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 Because of the high intensity of Australian cotton production, Australian cotton 
growers have to give considerable attention to the best practice to sustain and increase 
their yields. The problems which they have in sustaining yields differ in many 
respects for those experienced by farmers who have small plots of cotton in China. In 
Australia’s case, there is a risk of soil compacting due to use of heavy machinery in 
cotton cultivation and deterioration in soil quality due to substantial use of chemicals 
applied in cultivating cotton. These problems appear to be less acute in China because 
of most of its production does not depend on the use of heavy machinery and in most 
cases less use is made of chemical fertilizers and pesticides. However, some problems 
involved in sustaining levels of cotton production and cotton yields are the same in 
China and Australia. Let us further consider the challenges facing each country in 
sustaining their levels of cotton production. In doing this we concentrate on economic 
and ecological challenges but to some extent the economic challenges reflect 
sociological challenges. The sustainability of agricultural supplies has been claimed to 
depend on economic ecological (including environmental) and sociological factors 
(Tisdell, 1999; see also Conway, 1985, 1987). 
7. Challenges being faced in Sustaining Australia’s Cotton 
Production. 
7.1 Economic challenges and economic phenomena affecting the sustainability 
of Australia’s cotton supply 
The nature of cotton production in Australia has important economic consequences 
for Australia’s supply of cotton and its sustainability. As in the United States, cotton 
is a high input crop requiring sustained careful management. It requires high levels of 
fixed investment as well as a high level of investment in each crop sown. In the 
Australian case, fixed capital investment is needed in machinery (much of which is 
specific to cotton) and irrigation infrastructure, such as dams (See Figure 7). However, 
some of the investment in machinery specific to cotton can be avoided by individual 
cotton growers by hiring equipment or contractors to undertake some of the processes 
involved in cultivating cotton. Nevertheless, this also involves market risks because it 
depends on the availability of such contractors. In addition, for these farmers who 
have not previously grown cotton, they have to learn a great deal about how to 
optimally cultivate the crop. These factors tend to reduce the elasticity of the supply 
curve for cotton in Australia and result in a degree of lock-in to the growing of cotton 
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 by farmers who have begun to grow it successfully. The latter means that, to some 
extent, path-dependence exists in cotton supplies in the Australian industry. 
 
Figure 7: A large earthen dam on a cotton farm in Southwest Queensland, 
Australia 
Theoretically, this phenomena means that the supply curve of Australian cotton 
exhibits hysteresis which implies that it lacks perfect reversibility. This is illustrated 
in Figure 8. There, the line AS1 represents the aggregate supply of Australian cotton 
in response to a sustained level of its price, other things (such as water availability) 
held constant. If the price of cotton should rise from P0 to P1 in a way that appears as 
though it will be sustained the supply of cotton expands from X0 to X2. Suppose, 
however that after remaining at P1 for some considerable time the price of cotton falls 
back to P1. The supply of cotton does not return to X0 but may only fall back to X1 
because market equilibrium has been at E1 and many investments specific to cotton 
supply have been made. The effective supply curve after such investments may then 
be the kinked line BE1S1. The lock-in effect due to path-dependence is, therefore, 
equivalent to X1 − X0. This means that because of past economic decisions, cotton 
production is sustained at a higher level than would otherwise occur. Of course in the 
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 very long run, this lock-in effect will diminish. However, it results in supply being 
reduced at a slower rate with the efflux of time when the price of the product is 
reduced than occurs for a comparable increase in its price. 
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Figure 8: An illustration of hysteresis in the Australian supply of cotton. In this 
case, there is a lock-in effect on supply of X1 − X0 due to the historical 
occurrence of an equilibrium at E1, as is explained in the text. 
Because of differences in the nature of cotton production in more developed countries 
(such as Australia and the United States) one expects the lock-in phenomenon in 
supply to be more important in such countries than in less developed countries, such 
as China, because the latter have lower levels of specific investment in cotton 
production. However, in China’s case this phenomenon has more relevance to its 
production of cotton in Xinjiang than in its other provinces. 
7.2 Environmental factors affecting the sustainability of Australian cotton 
production. 
Given the above-mentioned considerations, the elasticity of supply of Australian 
cotton in relation to its price can be expected to be relatively inelastic, more so than in 
the case of alternative summer crops such as sorghum, sunflower and maize. These 
crops (especially sorghum) require less investment than cotton and less intensive 
management. Sorghum is also more drought-tolerant. As Commins (2008) points out, 
growing cotton in Australia is risky because of the considerable sunk investment 
involved. Financial losses are high if there is crop failure or a partial crop failure or if 
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 prices are low. Therefore, many farmers will not risk growing cotton, especially if 
they have no previous experience with growing it. Furthermore, in Australia cotton 
must be grown on a large-scale and intensively if it is to be profitable (economic) 
unlike in China. 
The prices received by Australian farmers for cotton can vary considerably because 
they are world prices (Carpio, 2002). There is no government intervention to help 
stabilize prices paid to Australian farmers for their cotton and no subsidies for 
Australian cotton. This contrasts with the situation in the United States where the 
government guarantees cotton growers a minimum price for their cotton. Also, the 
Chinese government attempts to moderate fluctuations in prices paid to Chinese 
farmers for cotton. When global cotton prices are depressed, the Chinese government 
reduces the amount of cotton that can enter China duty free and also it increases its 
level of tariffs on cotton imports. This helps maintain the price paid for domestic 
cotton. Furthermore, the Chinese import system often requires that Chinese cotton 
importers buy a specified amount of cotton from Xinjiang to qualify for their import 
quotas. This is a way of giving financial preference to Xinjiang cotton-growers who 
are financially much more dependent on cotton than most growers of cotton elsewhere 
in China. Despite these interventions, the prices paid to Chinese growers of cotton still 
fluctuate considerably. 
Given that most Australian producers of cotton are relatively efficient (compare Chan 
and Zepeda, 2001) and are relatively well informed about price trends, economic 
factors are not the major constraint on Australian cotton supplies. The availability of 
water has become the major challenge in recent times to sustaining supplies of 
Australian cotton. 
Due to drought in the Murray-Darling Basin, there was a major decline in the quantity 
of cotton produced in Australia in the period 2000-20007. In 2000, Australian 
production of cotton peaked at 819 kilotonnes and declined to 133 kilotonnes in 2007. 
This was mainly due to the reduced area planted with cotton. This fell from 527 
thousand ha in 2000 to 63 thousand ha in 2007; a reduction of about 88 per cent in the 
area planted with cotton. Nevertheless, yields continued to show an upward trend in 
this period. There are fears that due to climate change water availability is likely to 
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 become more variable and lessen in Australia’s regions that now grow most of its 
cotton crop. 
While water availability increased to some extent in 07/08 and in 08/09, Commins 
(2008) reports that some cotton farmers are wary about increasing their exposure to 
cotton. They continue to be worried about the availability of water and think it will 
become more valuable in the future. There is a possibility that government restrictions 
on the use of water for agriculture will increase in Australia. 
A consequence of the sharp reduction in Australian production of cotton has been that 
many cotton gins have excess capacity. Instead of working three shifts per day, most 
now only work a single shift and operate for fewer months of the year. Given the 
considerable fixed costs incurred by gins, their costs per unit of cotton ginned have 
tended to rise because Australian cotton production has not been maintained. Their 
continuing economic viability depends on Australian farmers supplying more raw 
cotton than in recent years. Lack of sustainability of primary cotton production has 
flow-on consequences (see Figure 9). 
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Figure 9: Baled ginned cotton at a cotton gin near Dalby Queensland, awaiting 
export to China. 
A continuing challenge for Australian cotton production has been managing the 
pressure of diseases, weeds and insect pests in cotton in order to maintain the 
profitability of growing cotton. This is, however, not a problem peculiar to the 
Australian cotton industry – it is a global challenge. The problem is that biological 
systems adapt to control measures and evolve so that particular pest control measures 
usually only have a limited effective life and repeatedly new measures need to be 
developed. While transgenic varieties of cotton have boosted the effectiveness of pest 
control in Australia, it is too optimistic to think that particular genetic variations will 
be fit for their purpose forever because nature is very adaptable. Despite all such 
challenges, yields per ha of Australian cotton have displayed a strong upward trend, 
even though the volume of Australian cotton production fell sharply between 2000 
and 2007. Reduced yields were not the reason for the slump in production of 
Australian cotton. Its main cause was lack of water availability due to drought which 
resulted in a severe reduction in the area planted with cotton in Australia. Once water 
supplies in the Murray-Darling Basin increase again, the area planted with cotton will 
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 increase but the indications are that the response will be damped given recent 
experiences of farmers with drought and long-term prognosis about water availability. 
8. Challenges Being Faced in Sustaining China’s Cotton 
Production. 
8.1 Economic factors affecting the sustainability of China’s cotton supply. 
In its agricultural policy, China gives top priority to the production of food. 
Consequently, the allocation of land for growing non-food crops (such as cotton) is 
limited to some extent (Guan, 2008). Nevertheless, there are fewer limitations on 
agricultural land-use in China than in the pre-reform period, even though market and 
related government interventions are still of importance. Farmers now have the right 
to decide which crops to plant, but the State can regulate this indirectly according to 
need, by such means as altering the price between cotton and grain, granting different 
subsidies for different crops and so on. 
A new issue that is affecting the economics of China’s agricultural production is a 
relative shortage of agricultural labour. This contrasts with the earlier situation in 
China when China had surplus of agricultural labour (Cao and Tisdell, 1992; Cao, 
2005). Because many young and middle-aged people leave rural areas and agricultural 
industry for jobs in urban areas, all agricultural production, including cotton 
production, faces new challenges. According to the survey made in 2006 in 17 
provinces (municipalities and autonomous regions) (Zhang, 2009), 74.3% of villages 
responded that nearly all young and middle-aged people went out to work and more 
than 80% of young and middle-aged labour force in approximately one third of the 
investigated villages had transferred to cities. On average, 48 young and middle-aged 
people per village stayed at home; the proportion was 17.82% (Xia, 2009). The aged 
rural labour force without much education and with little enthusiasm for farming not 
only influences the input of farmers, but is also unfavourable to the adoption of 
modern agricultural technologies.  
Returns from growing cotton are very unstable in China these days and economic 
returns tend to be low. Economic returns fluctuate because the cotton price fluctuates 
all the time and production costs, due to variations in the prices of pesticides and 
chemical fertilizers, change constantly (Zhang, Wang, and Tuo, 2008). Furthermore, 
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 labour costs have risen, so the gains from cotton production are unstable and have 
declined sharply in recent years, thereby lowering farmers’ willingness to plant cotton.  
Because of the very small scale of most Chinese farms growing cotton, mechanization 
and capital-intensive methods of cotton production tend to be uneconomic in China. 
In fact, most techniques used for cotton production on a large scale in Australia and in 
the United States are uneconomic in China, except (to a certain extent) in Xinjiang 
Autonomous Region. The most frequent situation is that all processes involved in 
cotton production are done manually (see Figure 10). The undersupply of cotton 
pickers in Xinjiang becomes a pressing problem when the picking season comes and 
these workers must be introduced from the inland on a large scale. Picking cotton by 
hand is of low efficiency with a long-time required to complete the harvest, and a 
large amount of labour is used at a high cost. This hinders the expansion of cotton 
production in China. 
 
Figure 10: Cotton seed being planted by hand on a small plot in Hubei Province, 
China. All operators involved in growing cotton on this farm are done 
by hand. 
Given the rapid economic development of China in the last three decades, and the 
major movement of rural labour to off-farm work and its drift to cities for work, it has 
become more difficult for China to sustain its level of agricultural production using 
traditional labour-intensive methods. This, together with China’s preference for 
agricultural production of food, is making it more difficult for China to sustain 
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 increases in its level of cotton production. Nevertheless, China’s trend in total cotton 
production has remained an upward one (see Table 2). However, further economic 
growth in China’s economy can be expected to add to the difficulty of sustaining 
growth in China’s cotton production and may increase pressures for the amalgamation 
of farms. Larger sized farms could make the use of more capital-intensive techniques 
more economic. However, much institutional change would be needed to make farm 
amalgamations possible in China and the reform process may be slow. The general 
pattern of economic development in Western economies has been for farm sizes to 
become larger and for farms to become more specialized in their production but this 
adjustment problem is more difficult in transitional economies, such as China and 
Vietnam (see Tisdell, 2010 in this volume) 
8.2 Environmental factors influencing the sustainability of China’s cotton 
production 
The main regions in which cotton is grown in China experience different agro-
climatic conditions. While some environmental problems are common to all of 
China’s cotton growing areas, there are also regional differences in the nature and 
severity of these problems. These differences are much greater than in Australia’s 
case. In Australia, there is less dispersion of the areas in which cotton is grown and 
greater similarity of environmental conditions experienced in these areas than in 
China, even though the land in which cotton is grown in Australia is from north to 
south over a 1000 kms in length. 
Water availability exerts a major influence on the sustainability of China’s cotton 
supplies and the issues involved varying according to the region in China where 
cotton is grown. Drought, floods and the unsustainable use of available water supplies 
(especially groundwater) are of concern. 
The Yangtze River Watershed Cotton Region has a relatively sufficient water supply 
but experiences floods and droughts (Xu, 2007). In the Yellow River Watershed  
Cotton Region drought prevails, and Xinjiang Cotton Region is characterized by 
“drought in spring, flood in summer, water shortage in fall and low water in winter” 
(Ouyang, 2008). Almost all the surface water resource of Xinjiang have been used for 
irrigation. Although only 20% of water resources of Ertix River and Ili River are 
developed and utilized, nearly 85% of water in most middle and small rivers is 
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 diverted (Ouyang, 2008). According to research by Chen, Chen, and Wang (2007) and 
Zhang (2004), groundwater is the main water source for northern China. Taking 
Hebei, Shanxi and Henan in the Yellow River Basin Cotton Region for example, in 
2004, the proportions of groundwater use to the total water use were respectively 
74.3%, 66.8% and 55% for the three provinces. The percentages of groundwater used 
for agricultural production were 75% in Hebei province and over 50% in Shanxi and 
Henan. The groundwater exploitation rates are 128%, 78.1% and 83.2% respectively. 
This means that in Hebei province the rate of withdrawal of underground water 
exceeds its rate of replacement and therefore the watertables are falling. Such a 
situation is unsustainable. Even in other provinces, this is a problem in some areas. 
Falling underground watertables add to the cost of extracting water and lower the 
availability of surface water. The overuse of groundwater (as well as surface water) 
can have many adverse ecological consequences. 
In addition, while China has a many irrigation works (reservoirs and canals etc.), most 
of these were built in 1950s and 1960s with low standards of construction. Most have 
not been maintained, renovated and transformed for a long time and are ageing. 
According to the statistics (Yu, Zhang, and Fang, 2008), 10% of irrigation projects 
fail to function and 60% are damaged to some degree. From 1999 to 2008, 20 
reservoirs in China collapsed because of defects or other quality problems. In 2009, 
there are estimated still to be 37,000 dangerous reservoirs, 43.3% of all reservoirs in 
China (Chen, 2009). 
Cotton cultivation methods used in many places in China are reducing soil quality. 
First, the practice of continuous cropping with cotton is a problem. Generally 
speaking, cotton plots are continuously cropped with cotton for more than 10 years, 
and even some are continuously cropped for up to 20 years (Bai, 2008). Secondly, 
plastic film is used to mulch many cotton crops and suppress weeds but its use leaves 
plastic residues in the soil（Ma, 2008） . As is indicated by an investigation 
completed by Wan and Wang (2006), one year of plastic mulching leaves 46.2% of 
plastic residues in the soil; if plastic mulching occurs for five consecutive years, the 
cotton yield is reduced by 10% to 23%. Third, increasing application of chemical 
fertilizers and a relative decrease in the use of organic fertilizers has reduced the 
organic matter (humus) in some cultivated land and the soil structure has deteriorated. 
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 Diseases in cotton plants, insect pests and weeds, make it difficult to maintain cotton 
yields. While the broadacre planting of cotton (as in Xinjiang) can yield economies of 
scale, it provides favourable ecological conditions for the spread of plant diseases and 
insect pests. For example, in the Xinjiang Cotton Region, commonly 20% to 30% of 
plants in cotton plots are diseased and the proportion is over 80% for a few plots (Bai, 
2008). Furthermore, continuous cropping adversely affects the balance of soil 
nutrients and provides suitable conditions for the multiplication of insect pests (Ma, 
2008).  
China finds it to be difficult to achieve and maintain a high uniform quality in its 
supply of cotton because of the lack of uniformity in the varieties of cotton sown. 
Even in the same plot of land, multiple varieties of cotton are often sown. When 
multiple varieties are planted in the same plot, they cross pollinate, leading to variety 
variation and lower cotton quality and fibre strength, dull lustre, big differences 
between the quality of bales and poor spinnability. By contrast, the quality of cotton 
in each Australian bale is virtually uniform. 
Nevertheless, despite all these difficulties, the yield and supply of Chinese cotton has 
displayed an upward trend since 1980. In part, however, this can be attributed to the 
shift in cotton production towards China’s Northwest Region. It seems likely that 
China will face greater difficulties in sustaining its production of cotton in the future 
than in the past. 
9. Discussion of Some Measures to Counter Lack of Sustainability 
of Cotton Supplies in Australia and China 
China and Australia are both aware of the sustainability challenges facing their supply 
of cotton. Several initiatives have been adopted in Australia’s cotton industry to help 
secure the sustainability of its cotton supplies. These include the following:  
(1) The Best Management Practices (BMP) program has been adopted. This is designed 
to help cotton growers identify and manage the risks associated with their use of 
pesticides and petrochemicals, and to improve the management of their soil, 
water and vegetation (Williams, 2008). As a result of the BMP Program, it is 
claimed that Australia’s cotton industry is at the forefront of sustainable practices, 
27 
 thereby fostering a positive future for the industry and the natural systems that 
support it (Cotton Australia, 2008c).  
(2) Progress in agricultural technology development, especially in transgenic 
technology and its application in cotton production, many contribute to the 
sustainability of yields. In 2006, 95 per cent of Australia’s cotton growers planted 
transgenic varieties, and these account for 80 per cent of the total area planted 
with cotton (Cotton Australia, 2008a).  
(3) Fallow and rotation of cotton plots are recommended so that the soil fertility can 
be maintained.  
(4) There is increased emphasis on the more efficient use of water in cultivating 
cotton. 
These measures are of great importance for the future sustainability of cotton 
production in Australia and they need to be adhered to for a long period and to be 
continuously perfected. In the long run, Australia may have an opportunity to increase 
its area planted with cotton. Although yield may be approaching its maximum, 
Australia still has land resources that are suitable for planting cotton. It may be 
possible to expand the planted area:  
(1)  by replanting areas previously planted in NSW and QLD with cotton in 2000/01; 
and 
(2) as mentioned by the Office of the Gene Technology Operator (OGTR, 2008), 
several regions in the north of QLD might be developed for cotton production and 
the cropping area could even be extended to other states.  
However, unless water availability increases considerably and reliably in the Murray-
Darling Basin or new types of cotton requiring much less water are developed, the 
recovery mentioned in (1) seems unlikely.  
A study by the Australian Cotton Cooperative Research Centre (ACCRC), based on 
average temperatures during the growing season, timing of rainfall, and the suitability 
of the soil for cotton cultivation, indicates considerable potential for expansion into 
northern Australia in particular areas of WA, the NT and QLD. The ACCRC study 
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 examined potential regions for cotton growing in northern Australia and suggested at 
least 200,000 ha of potential irrigation-areas that could be developed over the next ten 
years (OGTR, 2008). 
China has also been giving consideration to how it can sustain its supply of cotton 
given current demands on the use of its agricultural land, particularly to grow food. 
One strategy has been to increasingly locate its cotton production in its northwest, 
especially Xinjiang (Zhao and Tisdell, 2009). However, there appears to be little 
scope for increasing the area planted with cotton in the northwest, unless new 
varieties of cotton that are less water dependent are developed or significant increases 
in the efficiency of water use can be achieved. A second strategy has been to adopt 
transgenic technologies to raise yields and to maintain these for longer than otherwise. 
In 2007, 67% of the area under cotton in China was said to be planted with transgenic 
cotton (ISAAA, 2007).  
If the Chinese economy continues to grow and develop at a fast pace, this is likely to 
result in significant structural change in Chinese agriculture as rural-to-urban 
migration continues. In turn, this may result in changes that favour the merging of 
farms and greater mechanization in agriculture, that is a trend towards more 
industrial-type specialized farms. The long-term implications of such changes for 
China’s cotton industry are unclear but they may result in a decline in cotton 
production in all regions of China, except in its northwest. Nevertheless, it is 
theoretically possible for China to increase its cotton yields which on average are 
much lower than those in Australia. 
10. Conclusion 
Global supplies of cotton have shown a persistent upward trend despite the increasing 
share of the market for textile fibres occupied by chemical fibres. In addition, yields 
of cotton globally have tended to rise partly as a result of new techniques for the 
cultivation of cotton (such as the introduction of transgenic cotton) and because new 
areas have been opened up for growing cotton some of which are more suitable for its 
growth than areas where cotton was previously established as a crop. The latter has 
happened in China as a result of an increasing proportion of its cotton being grown in 
its northwest, mostly Xinjiang. Whether or not these past trends in cotton supply will 
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 continue is unclear but it was argued that projecting past trends is risky and that 
disaggregation of the statistics on cotton supply is needed to obtain a better picture of 
the sustainability issues faced by the cotton industry. In order to progress with this 
aspect, Australia and China were selected for case studies. Both countries are globally 
important producers of cotton. While the volume of China’s cotton production far 
exceeds that of Australia, Australian cotton is much superior in quality and is mainly 
exported. 
Both economic and environmental factors were shown to have important implications 
for the sustainability of China’s and Australia’s cotton supplies. In recent times, lack 
of water has been the main constraint on Australian cotton production. This has 
resulted in a dramatic reduction in the area planted with cotton in Australia and a large 
fall in its volume of production, even though Australian cotton yields per hectare have 
continued to rise strongly due to improved techniques and methods of production. 
On the other hand, China’s supply of cotton has continued increasing despite the 
economic and environmental difficulties which its cotton-growers face. The depth and 
nature of these difficulties vary between the major cotton-producing regions of China. 
Water is in short supply in the Yellow River Region and almost all the available water 
resources have been utilized in China’s Northwest Region. Increasing production in 
these regions (as in Australia) may depend on the development of varieties of cotton 
that need less water to flourish and on the more efficient use of water. In the Yangtze 
River Region and the Yellow River Region, government policies favouring the 
growing of grain and other food crops are edging out cotton production. Furthermore, 
some cultivation methods, such as the use of plastic sheeting for mulching cotton, are 
reducing yields. 
Labour availability is emerging as another problem for China’s agricultural 
production. As a result of China’s economic growth, rural-to-urban migration and 
increased off-farm work rose in importance thereby creating an agricultural labour 
shortage compared to the past. Consequently, it is no longer possible to maintain 
many of the labour-intensive techniques used in the past for cultivating crops, 
including cotton. As discussed, the bulk of China’s cotton supply is obtained by the 
use of labour-intensive methods. If China continues on the path of economic 
development which it has experienced in the last thirty years (see Tisdell, 2009) 
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 structural change in the nature of its agricultural sector is likely to be unavoidable. 
With less agricultural labour available in China, there are likely to be economic 
pressures to increasingly mechanize and adopt more capital-intensive techniques for 
agricultural production, raise the size of farms and import more agricultural produce 
rather than rely as heavily as in the past on domestic production. These complex 
economic changes may make it very difficult for China to sustain the level of its 
cotton production in the long term. 
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